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AUTOMOTIVE COMPOSITE STRUCTURE PART WITH SPECIFICATED IMPACT 

ENERGY ABSORPTION 


BACKGROUND OF THE INVENTION 
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satisfactorily reinforce are so thick that it is difficult to achieve full cure. Therefore it will be 
recognised that techniques for reinforcing hollow structures which do not cause a substantial 
weight and cost or curing problems have the potential to provide significant advantages. 

It is therefore an object of the present invention to provide a structural reinforcement which 
utilises structural foam in a manner which conserves resin. 

It is a further object of the invention to provide such a reinforcement which can be fully cured in 
a short time. 

It is still a further object to provide a low-cost, lightweight structural reinforcement which provides 
significant strength and stiffness to the reinforced region. 

It is still a further object to provide localised structural reinforcement in a manner that dissipates 
15 .mpact energy causing any, at least, initial deformation, at a selected location. 

It is still a further object to provide a structural reinforcement which can be transported easily to 
the site of installation. y 

Yet a further object is to provide a structural member reinforced by a core bonded to the 
structural member by structural foam as previously described wherein channete are provided 
between the core and the structural member to allow the flow of moisture. 

SUMMARY OF THE INVENTION 

An object of the present invention is to redirect applied loads and manage impact energy by 
Placing a reinforcement system in targeted areas of an automotive rail or frame member The 
system generally employs at least one member or insert, which is attached or adhered to the 
chosen portion of the vehicle such as a frame or rail or any other portion of an automotive 
vehicle selected to inhibit deformation in the event of impact to the vehicle. At .east one of the 
member or plurality of members are suitable for receiving an application of an expandable 
material coated over at least a portion of an exterior surface of the member. The expandable 
matenal disposed on the member is capable of activation and expansion when exposed to heat 
typically encountered in an automotive paint operation, such as e-coat and other paint cycles in 
a vehicle assembV plant. It is contemplated that the expandable material disclosed in the 
present invention, activates, expands, and adheres thereby structurally reinforcing and 
enhancing the strength and stiffness of the frame or front rail to redirect applied loads and 
energy. In one embodiment, the material is heat expandable and at least partially fills a cavity 
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defined by the rail, frame, or selected portion of the vehicle by structurally adhering the rail and 
the frame depending upon the size and shape of the cavity, during the e-coat bake operation. 

In another embodiment, the expandable material is a melt flowable material, which upon the 
application of heat will spread over a surface. The selected expandable material may also 
provide a variety of characteristics including structural reinforcement, stress-strain reduction, 
vibrational damping, noise reduction, or any combination thereof. 

In a preferred embodiment the present invention therefore provides a structural reinforcing 
member to provide local reinforcement comprising a core to which is attached one or more 
pieces of structural foam the reinforcing member being provided with means for attachment to 
the member to be reinforced wherein the means for attachment is such that, prior to foaming, a 
channel is provided between the core, the structural foam and the internal surface of the 
member to be reinforced and that the foaming process enables the structural foam to expand 
and bond the core to the internal surface of the member to be reinforced. 

In a preferred embodiment the structural foam is attached to the core as several strips or spots. 
In a further preferred embodiment the structural foam is provided in an amount that a rigid bond 
is formed between the core and the internal surface of the structure to be reinforced and air 
channels remain between the core and the internal surface for the flow of moisture which may 
be present due to condensation. We prefer that the structural foam cover from 20% to 45% of 
the surface of the core. 

The present invention further serves to manage crash energy typically encountered during 
frontal or rear impact testing of an automotive vehicle. More specifically, the member or insert of 
the present invention may be positioned such that it directs the energy of impact and 
furthermore in a preferred embodiment, may contain at least one and preferably a plurality of 
triggers consisting of notches, holes, or any other form of step change or alteration to the 
geometry of the member such as alterations to the geometry of an inner portion or portions of 
the member. The position of the reinforcing member within the automobile frame may be such 
that the reinforcement of one region deflects the energy on impact to another second region 
such that deformation takes place at the second region. Similarly where internal triggers are 
provided they can effectively target and direct axial bending to selected portions of the system 
and allow management of crash energy typically encountered during front offset testing. 

This is particularly useful in the reinforcement of vehicle rails which are typically curved so that 
greater reinforcement of one part of the curved structure can transfer energy to a part of the 
structure that is less reinforced so causing at least initial deformation at the least reinforced 
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area. This can be used to control rear or frontal deformation on impact ensuring .ess 
deformation at, for instance, door si..s. The variation in degree of reinforcement can be 
• acoompbshed by varying the strength and thickness of the reinforcing material, such as the 
gauge and type of materials, such as steel, used, providing foam reinforcement around a core 
5 member in some parts and not in others, or by the deliberate provision of reinforcement in one 
region coupied with non reinforcement at another reg ion. This has been found to be particu.arty 
use ful when reinforcing the S shaped section of the front or rear rail of a vehicle where g rea ter 
reinforcement in one, generally the tower bend of the S, can be used to ensure that controlled 
deformation takes place at the other bend of the S where there is less or in some instances no 
1 0 reinforcement. 

The -expandable materia, disposed over at least a portion of the member which can beextruded 
molded, or "mini-application- bonded onto the member in either a pre-production setting, such 
as a stampmg facility, or during the final assembly operation. The member, and the selected 
bonding or expandable material, is installed in the selected frame or rai. prior to the e-coat or 
pant operation processing. Hence, the present invention provides ftexibilrty in the 
manufacturing process since it can be utilized by either the frame or vehicle component (front 
ra,l) manufacturer/supplier or the final vehicle manufacturer with reduced labor, capital expense 
maintenance requirements, and floor space demand. Once the expandable materia, bonds and 
cures to the selected rai. or frame portion of the vehicle, distortion of the frame or rail, such as 
front or rear rail, may be inhibited or managed during a frontal/offset impact event or any other 
apphcation of impact energy to the exterior of the vehicle. By absorbing and/or transferring 
certa,n .mpact energy and providing reinforcement to the frame or rail portion of the vehicle the 
present invention provides a system for managing deformation to the vehicle in the event of a 
.£> frontal, offset or rear impact 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features and inventive aspects of the present invention will become more apparent upon 
reading the following detailed description, claims and drawings, of which the following is a brief 
description: 

Figure 1 is an isometric view of a partially exploded automotive frame rail showing the energy 
management enhancement system in accordance with the teachings of the present invention. 

Figure 1 (a) is an exposed view of a portion of a reinforcement system typically found in the prior 
art deputing the three crush zones typically associated with frontal energy management 
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structures in the automotive industry and further depicting the use of external triggers disposed 
on the exterior portion of a member known in the art. 

Figure 2 is an exposed view of a portion of the present invention depicted in an automotive 
5 space frame architecture or body-in-white design showing the position of the at least one 
member with the expandable material in the uncured state attached to a rail of an automotive 
vehicle. 

Figure 3 is a portion of the system illustrated in Figure 1, showing an alternative embodiment of 
10 the at least one member of the present invention with the expandable material in the uncured 
state prior to attachment to the frame or rail of an automotive vehicle and further showing an 
attachment means of the present invention in the form of a clip assembly. 

Figure 4 is a portion of the system described in Figure 1, showing an alternative embodiment of 
15 the at least one member of the present invention with the expandable material in the uncured 
state prior to attachment to the frame or rail of an automotive vehicle. 

Figure 5 is a portion of the system described in Figure 1, showing an alternative embodiment of 
the at least one member of the present invention with the expandable material in the uncured 
20 state prior to attachment to the frame or rail of an automotive vehicle. 

Figure 6 is a portion of the system described in Figure 1, showing an alternative embodiment of 
the at least one member of the present invention with the expandable material in the uncured 
state prior to attachment to the frame or rail of an automotive vehicle. 

25 

Figure 7 is an exploded perspective view, showing an alternative embodiment of the system 
disposed within a closed form wherein the plurality of members are inter-locking and retained by 
a third member also incorporating a self-locking mechanism and a trigger of the present 
invention is depicted as a hole extending through the interior portion of the member. 

30 

Figure 8 shows the reinforcing member of Figure 7. 

Figure 9 is an exploded perspective view of the automotive rail reinforcement system of the 
present invention prior to the impact of energy typically encountered in frontal impact testing of 
35 an automotive vehicle. 
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Figure 10 is an exploded perepecft* vtew « fte auramoftre rail reinforcement system „ ^ 
au.omo.a.^aan^ea.ac.ofaxial^.o.,.^^,^^,,,,^ 9 " 

Ha™" ^r,*— ' * — ~ * Flguree ,, and „ ,„ ^ 
F.gu,e , , shows a re,nfor*g member according te the preeen, invasion and Figure „ shows 

rir 9 ^ ^ ' o,rer h- oi *■ ~ — o. r 

Figure ,3 is a schemata illustration ol a vehide from ral reinforced according to ona 
embodiment ol the present invemlon. nang ro one 

Figure ,4 k a schema,* ..ushata, ahowing tecafced derornra^n o„he system BuaraBd „ 
DETAILED DESCRIPTION OF THE INVENTION 
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deformabort ft ft. automoti> , ^ A h ^ • 
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attar an impact event, and reduce repair time and costs. 

The automotive indushy generally ublzas two prtm«y modes for frcnftl imped testing of 
veh^a: « and onset Fuf, frontal impact teste* „ u*ed for boft UrrftedSteteTweral 
oomptenc, and assessment testing. While these tests are typical pertonned a. dmeren. 
speeds ft. 30 mph for compliartoa aod 35 mph tor esaeasment), they both relate to imr-c, o, a 
heme, u to g tee U widft „ „ fronl end secure o, fte tested vahicte. The prtmar, goa, of 
ftase teste „ to assess oocupart, responses (femu, loads, bead in,ury caches, 
decelerate*, etc., and validate the vehicte restraint systems (seatbelte, airtrags. ate, The 
o»sat ,mpact tea, is performed e, 40 mph with typically only 40% o, .he front end of the tested 
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vehicle impacting the barrier. One of the primary goals of the offset impact test is to assess the 
structural integrity of the vehicle structure itself. 

Design for frontal crash energy management is a multidisciplinary process. Crash energy 
management is typically performed through a combination of the vehicle structure and restraint 
systems. Many automotive manufacturers seek vehicle structures that can be designed to 
absorb energy. Structural efficiency, defined as the ability to optimize energy management as a 
veh.cle structure deforms upon impact, depends upon the configuration of the design For 
purposes of frontal impact testing, the severe crush loads created by the impact of energy 
managing structures tend to decelerate the occupant compartment. The ability of the energy 
managing structures to transfer manageable loads to an occupant compartment, coupled with 
the ab.l.ty of the restraint system(s) to effectively dissipate such loads, may help dictate how well 
the occupant compartment responds to extreme loading, as well as how the compartment 
sustains minimal deformation and intrusion under certain conditions. For these reasons the 
prior art focuses on at least two major considerations in the design of vehicle structures for 
crash energy management (1) the absorption of kinetic energy of the vehicle, and (2) the crash 
resistance or strength needed to sustain the crush process inherent to the testing process and 
maintain passenger compartment integrity. 


20 


25 


Traditional frontal energy management structures of automotive vehicles generally consist of 
three distinct crush zones. First, there will be a soft zone, typically the bumper area or other 
exterior fascia, followed by two stiffer zones. As defined and discussed herein, the two strffer 
zones shall be referred to as primary and secondary. The primary crush zone is traditionally 
located immediately behind or adjacent to the soft crush zone, such as the bumper system of a 
veh.de, but in front of the powertrain compartment of a vehicle. The secondary crush zone is 
typically defined as the region bridging or tying the primary crush zone to the occupant 
compartment of the vehicle. For framed vehicles, such as trucks and larger automobiles the 
secondary crush zone typically extends to the front body mount, as shown in Figure 1a ' F or 
smaller vehicles, the frame can be integrated into the body-in-white design. This type of design 
.s known ,n the art as space-frame architecture as shown in Figure 2. In the case of space- 
frame vehicle structures, the secondary crush zone extends rearward bridging or tying the 
primary crush zone to the vehicle firewall and toe-board areas of the occupant compartment 
Due to the proximity of the secondary crush zone to the occupant compartment of the vehicle 
design requirements and energy management control techniques need to be utilized to minimize 
35 potential intrusion into the occupant compartment. 

Accordingly, a main goal of the crush zone technology known in the art, is to manage the 
maximum amount of energy without compromising the integrity of the occupant compartment. 
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Figures 1 and 2. When the triggers of the present invention are used they are sized and 
designed to ensure that axial collapse of the structure shown at Figures 1 and 2 can occur at 
sufficiently high loads in order to maximize the amount of energy managed by the structure or 
the amount of energy typically encountered in frontal impact testing. 

Triggers currently found in the prior art have generally been modifications to the exterior portions 
of metal structural reinforcement members or inserts used to reinforce a chosen body portion or 
cavity of an automotive vehicle, such as a rail, pillar, cross-member, etc., as well as any other 
area immediately adjacent to the occupant compartment of an automotive vehicle. These prior 
art triggers typically consist of holes or part contours to the exterior portion of the structural 
ranforcement member or insert. However, in a preferred embodiment, through modifications to 
the internal portion of a structural reinforcement member or insert, the present invention 
provrdes at least one, and preferably a plurality of internal triggers for use in managing energy 
typically encountered by an automotive vehicle during frontal impact testing. When used, the 
internal triggers of the present invention effectively target and direct axial bending to selected 
portions of the structure and can comprise notches, holes, or any other form of step change or 
alteration to the geometry of an inner portion or portions of the structural reinforcement member 
or insert. For example, the structural reinforcement member or insert of the present invention, 
serves a plurality of purposes and provides a method for managing impact energy. First the 
member or insert acts as a stabilizer which reinforces the secondary crush zone thereby 
allowing the primary crush zone to maximize axial crush. Once the primary crush zone has 
achieved maximum ability to absorb impact energy, the secondary crush zone of the structure of 
the present invention must be designed to absorb some additional energy as a means to reduce 
deformation to the occupant compartment of the vehicle. The structure of the present invention 
25 utilizing a plurality of triggers such as notches or a cut-away section of the member or insert,' 
serves to initiate bending of the structure based upon its existing geometry. 

In one embodiment of the present invention, at least one member 12 or insert is placed within 
attached, affixed, or adhered to at least a portion of a frame or rail of an automotive vehicle 
30 wherein at least one member 12 includes an expandable or foamable material 14 supported by 
and disposed along portions of the member 12. The member 12 has an interior and an exterior 
portion and may be configured in any shape, design, or thickness corresponding to the 
d.mensions of the selected frame or rail of the vehicle and may further comprise a plurality of 
tnggers integrated within an interior portion of the member 12, which are designed and 
.ncorporated to specificaliy tune or target impact energy for either absorption or redirection to 
other portions of the vehicle. The expandable material 14 extends along at least a portion of the 
length of the exterior portion of the member 12, and may fill at least a portion of a cavity or 
space defined within the frame or rail. 
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typ.ca.ly encountered in an e-coat or other automotive paint oven operation. As the expandabie 
matenal is heated, it expands, cross-iinks, and structurally bonds to adjacent surfaces An 
example of a preferred formuiation is an epoxy-based materia, that may include polymer 
mod,ficis such as an ethy.ene copo.ymer or terpolymer that is commercial* avai.ab.e from L&L 
Products, Inc. of Romeo, Michigan, under the designations L-5204, L-5206, L-5207 L-5208 L 
5209, L-5214. and L-5222. One advantage of the preferred structural foam materials over prior 
art materials is the preferred materials can be processed in severe, ways. Possible processing 
techmques for the preferred materials indude injection molding, b.ow mo,ding, thermoforming 
direct deposition of peltetized materials, extrusion or extrusion with a mini-applicator extruder' 
This enables the creation of part designs that exceed the design flexibility capability of most 
pnor art materials. In essence, any foamable material that imparts structural reinforcement 
characteristics may be used in conjunction with the present invention. The choice of the 
expandable materia, used will be dictated by performance requirements and economics of the 
specific application and requirements. Genera.* speaking, these automotive vehicle 
a PP hcat,ons may utilize technology and processes such as those disclosed in U.S. Patent Nos 
4,922.596, 4.978,562, 5,124,186, and 5,884,960 and common* owned, co-pending U.S 
App„cat,on Serial Nos. 09/923,138, and PCT Application Nos. and WO02/14109 fHed 08 August 
2001, WO01/58741 filed 1 8 January 2001 , WO01/68394 filed 01 March 2001 , WO02/26550 filed 
26 September 2001, WO02/26551 filed 26 September 2001. WO02/26549 filed 26 September 
> 2001. and particularly. WO01/41950 filed 07 December 2000. all of which are express* 
incorporated by reference. y 

The structure, foam may be applied to the surface of the core in any suitable manner end the 
preferred manner will depend upon the nature of the core material. For example if the core is of 
a plasfc such as glass reinforced polyamide and produced by injection mou.ding then the 
structural foam may be applied by two shot injection moulding or over moulding. 

Alternatively if the core is of metal produced, for example, by stamping, the structural foam may 
be apphed by melt bonding or through use of an adhesive. In a further a.ternative irrespecth,e of 
the nature of the core the structural foam may be mechanical* attached to the core. Examp.es 
of means of mechanica. attachment indude pins or grooves as described in United States 
Patent 6.31 1 .452. A preferred means of attachment is pushpins which may be pushed through 
ho.es formed in the core to receive the pins. In this preferred embodiment the need for special 
moulding and/or adhesion of the structural foam is avoided. 

The invention provides a way to reduce cost, improve stiffness, and increase the possibility of 
ach.ev.ng full cure of the structural foam a., through the use of a composite construction The 
surface of the reinforcement member may be keyed to permit uncured resin to be applied such 
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reinforcement in the two bends with a greater degree of reinforcement at the bend further from 
the front of the vehicle. This may be accomplished by the use of a single reinforcement member 
with different reinforcing ability at the two bends, this may be accomplished through the use of 
materials of different strengths and stiffnesses, the provision of less reinforcing foam or the 
absence of any reinforcement a the bend nearest the front of the vehicle. Alternatively it may be 
accomplished by reinforcing the first bend and not the second bend. 


The resin whether it be as strips or spots are normally expandable. That is, upon the application 
of heat they will expand, typically by a foaming reaction, and preferably to at least 150% the 
volume of the unexpanded state, but more preferably twice. In a preferred embodiment, the 
resin used to form the resin strips or spots is an epoxy-based material. 


Resin preferably forms about 5% to about 75% by weight and more preferably from ab6ut 15% 
to 65% by weight of the composition. Filler preferably forms from about 0% to about 70% by 

15 weight and more preferably from about 20% to about 50% by weight of the composition. 
Blowing agent preferably forms from about 0% to about 10% by weight and more preferably 
from about 0.2% to 5% by weight of the composition. Curing agent preferably forms from about 
0% to about 10% by weight and more preferably from about 0.5% to 5% by weight of the 
composition. Accelerator preferably forms from about 0% to about 10% by weight and more 

20 preferably from about 0.3% to 5% by weight of the composition. One preferred formulation is 
set forth in Table 1 below. 


Ingredient 

% by weight 

Epoxy Resin 

15% to 65% 

Ethylene Copolymer 

0% to 20% 

Blowing Agent 

0.2% to 5% 

Curing Agent 

0.5% to 5% 

Accelerator 

0.3% to 5% 

Filler 

20% to 50% 


As stated, the heat expandable material is most preferably a heat-activated, substantially epoxy- 
based material. However, other suitable materials may also be used. These include polyolefin 
materials, copolymers, and terpolymers with at least one monomer type an alpha-olefin, 
phenol/formaldehyde materials, phenoxy materials, polyurethane materials with a high glass 
transition and others. In general the desired characteristics of this heat expandable material will 
be high stiffness, high strength, high glass transition temperature, good corrosion resistance, 
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commercially available include polymer-based materials available from L&L Products, Inc. of 
Romeo, Michigan, under the designations as L-2018, L-2105, L-2100, L-7005, L-7101, L-7102, 
L-2411, L-2420, L-4141, etc. and may comprise either open or closed cell polymeric base 
material. 

5 

Further, it is contemplated that the expandable material of the present invention may comprise 
acoustical damping properties which, when activated through the application of heat, can also 
assist in the reduction of vibration and noise in the overall automotive frame, rail, and/or body of 
the vehicle. In this regard, the now reinforced and vibrational^ damped frame or front rail will 
10 have increased stiffness which will reduce natural frequencies, that resonate through the 
automotive chassis thereby reducing transmission, blocking or absorbing noise through the use 
of the conjunctive acoustic product. By increasing the stiffness and rigidity of the frame or front 
rail, the amplitude and frequency of the overall noise/vibration that occurs from the operation of 
the vehicle and is transmitted through the vehicle can be reduced. 

15 

Still further, it will be appreciated that the carrier of the reinforcing member used in the present 
invention, as well as the material forming the geometric step-changes or triggers found in the 
carrier or member of the present invention, may comprise a reactive or non-reactive material, 
which yields high compressive strength and moduli and may either form the carrier or member 

20 itself or be capable of filling or coating the carrier or member. Generally speaking, a desired 
material, which exhibits such higher compressive strength and moduli may be selected from the 
group consisting of a syntactic foam, syntactic-type foam, or low density fillers, such as spheres, 
hollow spheres, ceramic spheres, including pelletized and extruded formulations thereof. In 
addition, the carrier or member may comprise a concrete foam, syntactic foam, aluminum foam, 

25 aluminum foam pellets, or other metallic foam, as well as alloys thereof. An example of such 
materials include commonly assigned U.S. Provisional Patent Application Serial No. 60/398,41 1 
for "Composite Metal Foam Damping/Reinforcement Structure" filed July 25, 2002 and hereby 
incorporated by reference. Other materials suitable for use as the carrier or member in the 
present invention include polysulfone, aluminum and other metal foams, concrete, polyurethane, 

30 epoxy, nylon, phenolic resin, thermoplastic, PET, SMC, carbon fillers including materials sold 
under the trade name KEVLAR. In addition, it is also contemplated that the carrier or member of 
the present invention, or portions of the carrier or member of the present invention, may utilize 
or comprise a material sold under the trade name ISOTRUSS, as described and set forth in U.S. 
Patent No. 5,921,048 for a Three-Dimensional Iso-Truss Structure issued July 13, 1999, 

35 WO/0210535 for Iso-Truss Structure published by the World Intellectual Property Organization 
on February 7, 2002, and a pending U.S. provisional patent application before the U.S. Patent & 
Trademark Office entitled: Method And Apparatus For Fabricating Complex, Composite 
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CLAIMS 

1. An energy management enhancement system for reducing and inhibiting distortion 
characteristics of an automotive vehicie in the event of impact from an externa, force 
comprising: 

a) at least one member having an interior and an exterior portion adapted for 
placement in a cavity disposed in an automotive frame assembly; and at least 
one tngger adapted for p.acement along said interior portion of said member; and 

b) an expandable material disposed over at least a portion of said member. 

2. The system as claimed in Claim 1, wherein said member comprises a plurality of triggers 
surtable for directing impact energy from an external force. 

J. The system as claimed in Claim 1 or Cteim 2, wherein said member comprises a plurality 
of tnggers suitable for absorbing impact energy from an external force. 

• The system as claimed in any of the preceding Claims, wherein said automotive frame 
assembly comprises a plurality of triggers suitable for directing impact energy from an 
external force. 

The system as claimed in any of the preceding Claims, wherein said automotive frame 
assembly comprises a plurality of triggers suitable for absorbing energy from an externa, 
force. 

The system as claimed in any of the preceding Claims, wherein said member is adapted 
for re.nforcing portions of an automotive vehicle selected from the group consisting of a 
rarl member, a frame member, a door assembly, a rocker, and a frame cross member. 

The system as claimed in any of Claims 1 to 5, wherein said member is adapted for 
enforcing portions of an automotive vehicle selected from the group consisting of a 
vehicle window frame, a vehicte deck lid, a lift gate, a vehicle pillar assembly, and a 
vehicle hatch. 

The system as claimed in any of Claims 1 to 5, wherein said member is adapted for 
re.nforc.ng portions of an automotive vehicle selected from the group consisting of a 
vehicle roof system, a roof bow, a roof rail, and a roof header. 
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9. The system as claimed in any of Claims 1 to 5, wherein said member is adapted for 
reducing impact energy deformation of portions of an automotive vehicle selected from 
the group consisting of a fender assembly, a bumper, and a front end structure. 

10. The system as claimed in any of the preceding Claims, wherein said member is 
comprised of a material selected from the group consisting of extruded aluminum, an 
aluminum foam, a low density solid filler, a magnesium alloy, a molded magnesium alloy, 
a magnesium foam, a titanium alloy, a molded titanium alloy, and a titanium foam. 

11. The system as claimed in any of the preceding Claims, wherein said member is 
comprised of a material selected from the group consisting of a stamped and formed 
cold rolled steel, a stamped and formed high strength low alloy steel, a roll formed cold 
rolled steel, and a roll formed high strength low alloy steel. 

12. A member for use in a system for managing the absorption and distribution of impact 
energy in response to an external load, comprising: 

a) a first portion suitable for placement within a defined portion of an automotive 
vehicle; and 

b) a second portion contiguous with said first portion, said second portion having a 
surface adapted for carrying an expandable material, which upon expansion 
helps absorb and distribute impact energy over said surface in response to said 
load. 

13. The member as claimed in Claim 12, further comprising a third portion contiguous with 
one of said first and second portions, said third portion having a plurality of triggers 
suitable for directing impact energy from an external force. 

14. The member as claimed in Claim 12 or Claim 13, further comprising a third portion 
contiguous with one of said first and second portions, said third portion having a plurality 
of triggers suitable for absorbing impact energy from an external force. 

15. The member as claimed in any of Claims 12 to 14, wherein said member is adapted for 
reinforcing portions of an automotive vehicle selected from the group consisting of a rail 
member, a frame member, a door assembly, a rocker, and a frame cross member. 

16. The member as claimed in any of Claims 12 to 14, wherein said member is adapted for 
reinforcing portions of an automotive vehicle selected from the group consisting of a 
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17. 


The member as daimed in any of Claims 12 to 14, wherein said member is adapted for 
re^nforong portions of an automotive vehicle seiected from the group consisting of a 
veh.de roof system, a roof bow, a roof rail, and a roof header. 

The member as claimed in any of Claims 12 to 14, wherein said member is adapted for 
reducng impad energy deformation of portions of an automotive vehide seieded from 
the group consisting of a fender assembly, a bumper, and a front end structure. 

The member as claimed in any of Claims 12 to 18, wherein said member is comprised of 
a matena. seieded from the group consisting of extruded aluminum, an aluminum foam 

.I 0 ; e r ^ 3 ~" -» • «— <»*~*™ a„oy, a magnesium 
foam, a Wan,um alloy, a molded titanium alloy, and a titanium foam. 

The member as claimed in any of Claims 12 to 18, wherein said member is comprised of 

a r;r ,ram *• 9roup consisting ° f * ^ - «* — 

o^r^ 

roll formed high strength low alloy steel. 


18. 
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26. 


The member as daimed in any of Claims 12 to 20, wherein said expandable material is a 
polymenc material having foamabte charaderistics. 

The member as daimed in any of Claims 12 to 21, wherein said expandable material is 
an epoxy-based polymeric material having foamable characteristics. 

The member as claimed in any of Claims 12 to 22, wherein said expandable material is a 
heat activated expandable polymer material. 

The member as daimed in any of Claims 12 to 23, wherein said expandable material is 
an expandable plastic material that is generally free of tack to the touch. 

The member as claimed in any of Claims 12 to 24, wherein said expandable material is 
an expandable plastic material that can be activated at a temperature encountered in an 
automotive vehicle paint operation. 

An impact distortion reduction system, comprising: 
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a) a teas * suHabk, for use as a sa^ura, mea,bar ,„ an automat vehWe. said 
frame rail having an exposed surface portion; 

b) at least one member mounting* engaged to said exposed surface portion of said 
frame rail; and 

an expandable materia, for managing impact energy disposed over at .east a 
portion of said member. 


c) 


27. 

10 

28. 


polymer-based polymer foam. 

heaVa^T 7 ^ ^ * " ^ 27 ' *"* ^ 6Xpandabte * a 

heat activated expandabte polymer foam. 

The system as claimed in any of Claims 26 to Cairn 28, wherein said expandabte 
materia, ,s an expandabte polymer foam that is general* free of tack to the touch. 

The system as Calmed in any of Cairns 26 to Claim 29, wherein said expandabte 
matena. ,s an expandabte ethytene-based foam that can be activated at a temperature 
encountered in an automotive vehicle paint operation. 

The system as claimed in any of Cairns 26 to Cairn 30, wherein said expandabte 
material is a heat activated thermoplastic foamable material. 

The system as claimed in any of Cairns 26 to Claim 31, wherein sate" expandabte 
matena. ,s an expandabte ethylene based foam that is generally free of tack to the touch. 

An energy management enhancement device for an automotive vehicle, comprising- 

a) a frame rai. suitable for placement within portions of an automotive vehicle having 
an inner portion and an outer portion defining a cavity therein; and 

b) at .east one member pteoed within said frame member and disposed within said 
cavity, sa,d member having an expandable matena. in sealing contact with said 
member, said expandabte material suitable for expansion upon exposure to heat 
thereby bonding said member to at least one of said inner portion and said outer 
portion of said frame rail. 

35 c) said at least one member further comprising a pteralrty of triggers for managing 

.mpact energy applied to the automotive vehicte from an external force. 
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34. A structural reinforcing member compn^ core to which is attached on a part of its 
surface one or more pieces of struc^rllun the reinforcing member being provided 
with means for attachment to the member to be reinforced wherein the means for 
attachment is such that, prior to foaming, a space is provided between the core the 
5 structural foam and the internal surface of the member to be reinforced and thai the 

foaming process enables the structural foam to expand across the space and bond the 
core to the internal surface of the member to be reinforced, whilst leaving channels 
between the core and the structural member. 

10 35. A structural reinforcing member according to Claim 34 in which the structural foam 
covers from 20% to 45% of the surface of the core. 


36. 

15 


A structural member according to Claim 34 or Claim 35 used for reinforcing the front 
longitudinal section of an automobile. 
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Fig. 11 



23 


9/11 


THIS PAGE BLANK (uspto) 


WO 03/042024 


PCT/EP02/12975 


Fig. 12 



10/11 


THIS PAGE BLAMK <uspto) 


PCT/EP02/12975 



11/11 


THIS PAGE BLANK (uspto) 


/ B6 ®21/1S 

— 

US 6 311 _ 

sir ^'^E 7 

a > line 6- r?=n 
JJ > figure a ' l1n * 4; 


1-12, 
l S -20, 
26,33-36 


1~36 


^22,26 


r^^^^ . 

•a- docu^ , ed(toc ^?; — ■ _____ 

JL?Wi2u03 

^^^n Patent nL 

0 ' see ^^^ 


^7-— ^^-^inan^ - 

* document ot „ * theo * ^S? n *ut 

in 1 1 


Man 


n, c 


INTERNATIONAL SEARCH REPORT 


Intanwttar— *ppUcatJon No 


^Wnttnurttan) DOCUMENTS CONSIDERED TO BE RELEVANT 
• I Ctaton <X document, wflh indicalon.where appmprtae. 


PCT/Er"02/12975 


relevant passages 


DE 197 03 429 A (BAYERISCHE H0T0REN WERKE 
AG) 6 August 1998 (1998-08-06) 


column 2 line 63 -column 3, line 8- 
claims 2,3,6,9,10; figure 1 ' 

16 March 1993 (1993-03-16) 
column 2, line l-65;jlaim 1; figures 1,2 

US 6 165 588 A (WYCECH JOSEPH S) 
26 December 2000 (2000-12-26) 
the whole document 

?L! 9 5 ? 5 734 A (EBBINGHAUS ALFRED DIPL 
ING) 3 April 1997 (1997-04-03) 
column 6, line 3-9; claims 6,8,12,14 

EP 0 788 930 A (MORTON* INT INC) 
13 August 1997 (1997-08-13) 
abstract; figure 3 



Relevam lodaimNo. 

1-7,9, 
10, 

12-16, 
18,19, 
23,26, 
28,33-36 


1-29,31, 
33,34,36 


1-19, 
21-36 


1-21 


1,12,26 


• 1 n 

li Ion on patent family mc 

IXL.I Wl\l 

in bars 

intamaur — application no 

PCT/Er 02/12975 

Patent document 


Publication 

Patent family 

Publication 

■ iaflt r^foH In coarrh f Pnnrt 
-*^^K ghjcj in bBoiwi ic?|juri 

1 ~' ■- 


date 

member(s) 


date 

US 6135542 

A 

24-10-2000 

DE 19648164 Al 

28-05-1998 


DE 59707782 01 29-08-2002 
EP 0844167 A2 27-05-1998 
JP 10175567 A 30-06-1998 


US 6311452 Bl 06-11-2001 US 6131897 A 17-10-2000 

AU 3628300 A 04-10-2000 

EP 1208276 Al 29-05-2002 

W0 0055444 Al 21-09-2000 


DE 19720109 A 20-11-1997 DE 19720109 Al 20-11-1997 


DE 19703429 A 06-08-1998 DE 19703429 Al 06-08-1998 


US 5194199 A 16-03-1993 DE 4203460 Al 27-08-1992 


US 6165588 A 26-12-2000 AU 9296698 A 27-03-2000 

EP 1135243 Al 26-09.-2001 

W0 0013876 Al 16-03-2000 

US 6455126 Bl 24-09-2002 

ZA 9905534 A 27-03-2000 


DE 19635734 A 03-04-1997 


DE 

29514164 Ul 

09-01-1997 

DE 

19635734 Al 

03-04-1997 

AU 

7489596 A 

27-03-1997 

WO 

9709134 Al 

13-03-1997 

DE 

59608388 Dl 

17-01-2002 

EP 

1090697 A2 

11-04-2001 

EP 

0850113 Al 

01-07-1998 

ES 

2168516 T3 

16-06-2002 

JP 

11512171 T 

19-10-1999 

US 

2002066254 Al 

06-06-2002 


EP 0788930 

A 

13-08-1997 US 

5727815 A 

17-03-1998 



AU 

679158 Bl 

19-06-1997 



BR 

9700892 A 

12-01-1999 



CA 

2196955 Al 

10-08-1997 



CN 

2298978 U 

02-12-1998 



EP 

0788930 Al 

13-08-1997 



JP 

9220989 A 

26-08-1997 



PL 

318342 Al 

18-08-1997 



US 

5908204 A 

01-06-1999 



ZA 

9700841 A 

04-08-1997 


Form PCT/lSA/210 (patent family annex) (JuV 1992) 


(USPTO) 


